The 1993 SNA recommends chain volume indices over traditional fixed base indices as the principal measure of year-to-year volume movements in economic aggregates. Recognising, however, that "additive consistency" is important to many users, the SNA recommends that countries continue to compile traditional constant price data alongside the chain indices. In addition, the new international guidelines suggest a supply-use table framework for deriving indices. This paper considers how these demands can be met in practice. Particular attention is paid to deriving chain indices for industry value added within the same framework as that used for final demand components.
Statistics Denmark
The 1993 SNA recommends chain volume indices over traditional fixed base indices as the principal measure of year-to-year volume movements in economic aggregates. Recognising, however, that "additive consistency" is important to many users, the SNA recommends that countries continue to compile traditional constant price data alongside the chain indices. In addition, the new international guidelines suggest a supply-use table framework for deriving indices. This paper considers how these demands can be met in practice. Particular attention is paid to deriving chain indices for industry value added within the same framework as that used for final demand components.
One of the major changes in the 1993 SNA in the area of measurement of volume and price changes is the choice of chain volume indices over fixed base Laspeyres indices as the principal measure of year-to-year volume movements in economic aggregates. The recommendation to apply the chaining method is in line with the conclusions of the economic theory of index numbers, cf. Diewert (1987) . Recognising, however, that "additive consistency," i.e. the property that accounting identities which hold for values at current prices also apply to the values in real terms, is essential for a number of important uses of national accounts data, the new SNA actually ends up recommending that countries compile two sets of volume measures, namely chain indices on the one hand, and series of indices covering periods of 5 1 0 years with a fixed base year on the other.
Another distinctive feature of the revised SNA is that it emphasises even more clearly than the old version that an integrated set of price and volume indices is possible only in an accounting framework such as that provided by the supply and use tables. Only by departing from a fully articulated commodity-flow system is it possible to ensure that the price and volume indices derived for the various components of GDP are consistent in the sense that the value concepts are coherent on the supply side and the uses side and that the weights used for deriving the indices are consistent, being derived from the same comprehensive accounting framework.
The recommendations of the new SNA are thus rather demanding. Not only is it required that the time series of price and volume measures should be derived from a time series of supply and use tables, but also that the compilation system should be able to generate both traditional constant price data with a base year which is changed every five or ten years and long series of chain indices.
The present paper considers how these demands can be met in practice, and in particular the continuity and aggregation problems encounted. Experience drawn from current work on implementing the new SNA recommendations to the Danish national accounts database, which has always been based on the commodity-flow approach, is used to illustrate the various complications and choices involved. Particular attention is paid to deriving chain indices for industry value added within the same framework as that used for final demand components. The results presented in this paper are preliminary and will be subject to further checks and investigations before a decision will be taken as to what time-series of volume and price measures to use for publication purposes in the future.
On the issue of the choice of index number formula for the chain volume index, the new SNA recommends the Fisher index, leaving open the option of using a Laspeyres chain index as an acceptable approximation. This conclusion, too, is in line with the findings of theoretical research in index number theory, cf. Triplett (1992) . The present paper features these two sets of calculations on data drawn from the most detailed national accounts database covering the years 1966-90. The comparison of these two sets of volume indices shows whether the Laspeyres chain index yields a sufficiently good approximation of the Fisher chain index. The reason the time series is only extended to 1990 is that the accounts after this year are only available at a higher level of aggregation and so are not fully comparable to the earlier years as far as sensitivity to the choice of volume measure is concerned.
The supply and use tables needed to compile an integrated set of volume and price indices consist of: an (n x m + q) use matrix showing the use of taxes less subsidies on products on n products as intermediate consumption of m industries and as final use in each of q categories of final demand; 0 an (n x m+q) use matrix at purchasers' prices equal to the sum of the above five use matrices. It should be noted that the 1 x m vector of "other" (non-product-linked) taxes less subsidies on production is not included in the above list. This is because such taxes cannot always be deflated in a meaningful way and they are not needed in order to calculate industry value added at basic prices, which in the 1993 SNA is the value added concept adopted.
This set of supply and use tables establishes the connection between supply, which is valued at basic prices, and uses which are valued at purchasers' prices including non-deductible VAT. In the application of this system to the Danish national accounts, the matrix of transport margins is merged with the matrix of wholesale trade margins, reflecting a convention to channel all transport margins on intermediate consumption via the wholesale trade industry. Moreover, until 1986, for simplicity non-deductible VAT was shown only as a 1 x ( m + q) vector, i.e. without the product dimension explicitly shown. Since then, a full n x ( m + q ) VAT matrix has been drawn up each year. One of the advantages of compiling the full VAT matrix is that it allows a check of actual vs. theoretical VAT receipts to be performed throughout the compilation and balancing process. This check is valuable as an indicator of the degree of coverage of economic activity in the accounts as well as an indicator of problems in the estimation of intermediate vs. final uses.
COMPILING SUPPLY AND USE TABLES AT CONSTANT PRICES OF. A FIXED BASE YEAR

Requirements of an Integrated Set of Volume and Price Indices
Given the data structure set out in Section 2, the question is first of all whether constant price matrices need to be derived for all the different layers of use matrices, e.g. trade margins and taxes less subsidies, or whether it would be sufficient to deflate merely the supply matrix at basic prices and the use matrix at purchasers' prices, which is equal to the sum of the use matrix at basic prices and the use matrices for trade and transport margins and taxes less subsidies on products. In the context of traditional constant price national accounts the answer to the first question is clearly affirmative. When the supply and use tables are recalculated in the prices of a fixed base year, all the accounting constraints in the data at current prices should also hold at constant prices. In fact, this is the reason that the 1993 SNA recommends the continued compilation of traditional constant price data as a supplement to the chain index measures. In particular, this means that the difference between values at basic prices and at purchasers' prices should be systematically and explicitly accounted for, and that the output of the wholesale and retail trade industries at constant prices equals the sum over all the cells in the system of wholesale and retail trade margins at constant prices, respectively. One very important use of the complete data set at constant prices is input-output analysis involving more than one year. Input-output analysis requires the links between the supply table at basic prices and the use table at purchasers' prices to be worked out in full detail.
Departing from this observation, it is clear that the deflation procedure must start from the constant price values at basic prices and build up the constant price values at purchasers' prices by adding trade and transport margins as well as taxes on products. This point was already made in the United Nations' Manual on National Accounts at Constant Prices (1979) relating to and supplementing the 1968 SNA. This commodity-flow based deflation system has always been used in the Danish national accounting system and thus requires no new developments in connection with the application of the new 1993 SNA.
Deflation of Values at Basic Prices
The 1993 SNA appears tacitly to assume that, at least as far as goods are concerned, there is usually a single price index at the level of basic prices capable of representing the price movements of all sources of supply and all uses of each product. The text contains a lengthy discussion of the interpretation and treatment of price differences between different varieties of the same product, notably in regard to how changes in the composition of a flow should be treated depending on whether such price differences reflect differences in quality or market imperfections. Nevertheless, there is little guidance when it comes to the price movements of these different varieties regardless of compositional changes.
In practice, it may not be realistic to assume that one price index can represent the price movements at basic prices of all supplies and uses. An obvious example is a heterogeneous (differentiated) product where the price movements of domestic suppliers may not coincide-except possibly in the long run-with those of imports of the same product. Indeed, changes in market shares in markets for differentiated products between domestic and foreign suppliers may to a significant degree be the outcome of changing relative prices. Another example is exports vs. domestic uses. In such cases it will normally be appropriate to assign different price indices to the different sources of supply and to the different uses. In reality, for most goods the only price movement at basic prices that may be known on the uses side is that of exports. In most cases, price indices for domestic uses are not likely to be compiled systematically and certainly not at the level of basic prices. A number of countries compile specific import and export price indices, and almost all countries compile unit value indices in their foreign trade statistics. The latter indices, however, are presumably so unreliable at the detailed level as to be of little use in this connection.
Once it is granted that the different sources of supply and the different uses of a given product may have differing price movements, there is a priori nothing to assure that deflated supply and use balance. Many different solutions are possible in this case, and the one adopted is likely to reflect the price statistics available in each particular country. The following paragraphs will briefly outline the Danish data situation and how the balance between resources and uses at constant prices is attained in the Danish case.
In Denmark, the primary source of price information is the producer and wholesale price index which provides price indices for domestic supply and imports of in principle all goods except structures, ships and aircraft. In practice, price indices for approximately 1,700 goods are available. No special export price index in compiled. Yet, for many products almost all of the domestic production is exported, so that the prices supplied by manufacturers are likely to be good proxies for export prices. The national accounts department supplements this data set with several hundred price (unit value) indices for homogeneous products as well as 600-plus price indices for services. For heterogeneous products, unit value indices are discarded as basically unreliable at a detailed level. At a much more aggregate level, unit value indices for exports and imports are, however, used for checking purposes.
Two basic models for deflating product flows at basic prices are used in the Danish national accounts which may be termed "deflation from the supply side" and "deflation from the uses side," respectively. The former is used for practically all non-energy products where there is nc information on the price levels and movements of domestic uses at the level of basic prices. In this case, domestic supply of a given product is deflated using typically the producer/wholesale price index for domestic supply of the product in question (or the closest representative product), whereas imports of the product is deflated using the corresponding import price index. On the uses side, exports is split into exports of domestic production, to which the domestic production deflator is assigned, and re-exports which is deflated using the import price index for the product in question. Finally, total domestic use at constant prices is calculated as domestic production plus imports less exports, and this magnitude is subsequently distributed proportionally over domestic uses at current prices. This implies that supply and use always balance and that all domestic uses have the same price movement at the level of basic prices.
The other model, deflation from the uses side, is applied whenever the price levels and movements of domestic uses are known for all or many of the uses, and whenever price differences clearly reflect differences in quality in the economic sense of this term. In practice, the information requirement is only fulfilled for energy products where sufficient price information is available thanks to intensive monitoring by various government agencies. Here, a specific price index is assigned to each use of the product at basic prices, and the resulting total use at constant prices is distributed proportionally over the different supplies at current prices, thus enabling domestic output and imports at constant prices to be derived. This model also ensures that supply and use balance for each product. It implies that all sources of supply are deemed to have the same price movements at the level of basic prices. For energy products there is usually no secondary production, so that there is in effect only one source of domestic supply.
Deriving Trade and Transport Margins at Constant Prices
Theoretically, trade and transport margins in year f for a given cell in the use matrix at constant prices are the distribution and transport services actually supplied in connection with that particular flow of goods in year t valued at the prices of trade and distribution services in the base year. The amount of trade and transport service attaching to a given flow of goods at basic prices reflects distribution and transport circuits that may change over time.
The above observation demonstrates that deriving trade and transport margins at constant prices by simply applying the rates of trade and transport margin of the base year to the flows at basic prices of year t deflated to the prices of the base year would be over-simplistic. Nevertheless, the matrix of trade and transport margins in the base year is likely to constitute the best starting point for compiling the use matrices of trade and transport margins at constant prices.
In the Danish case, the rates of trade and transport margins in year t -1 at constant prices of the base year are used to establish an initial estimate of margins at constant prices in year t, which is subsequently adjusted in order to take account of known changes in distribution circuits and the structure of wholesaling and retailing as well as price information at the level of purchasers' prices. One important factor in recent years which has led to a reduction of the margin rates at constant prices compared with the current base year 1980 is the shift in the retail trade industry in favour of discount stores offering a smaller amount of service per unit of goods passing over the counter than traditional supermarkets and other retail outlets. The adjustment factor for base year margin rates have been estimated from information on the aggregate gross trade margin rates in various branches of retailing.
Deflating Taxes Less Subsidies on Producls
Taxes on products, net, are much more straightforward than trade and transport margins. The simple approach of applying the base year rates to the flows of goods and services at constant basic prices will yield the correct split of the value change into a price and a volume component, no matter whether the product tax (or subsidy) takes the form of a specific tax, a value tax or non-deductible VAT. The implicit deflator resulting from such a calculation will correctly represent changes in taxes resulting from alterations of tax rates and exemptions as a price change and the rest as a volume component.
With the passing of time from the base year, economic data series at constant prices become increasingly out of line with reality in terms of relative price influencing economic agents and guiding their actions. Sooner or later it will be necessary to change the base year for the constant price calculation. The new SNA recommends this change every 5 or 10 years. Such a time lapse may be reasonable as regards long-term changes in relative prices between, say, goods and services reflecting inter alia differences in productivity change. On the other hand it is clear that major events in particular markets may soon render any given base year obsolete. Energy prices over the last 25 years are a case in point. The 1973 oil crisis seriously inhibited the use of 1970 prices in the seventies, the 1978-79 oil crisis similarly made 1975 prices obsolete in the late 1970s, and the dramatic decline in oil prices in 1986 made both 1980 and 1985 less well-suited as bases for measuring volume changes in the late 1980s and 1990s. These examples illustrate that international conventions to rebase in years ending with 0 and/or 5 are not without problems. One of the merits of using chain indices as the main measures of volume change in economic aggregates is that they are robust in this respect.
Even in calm circumstances, the traditional constant price series (fixed-base Laspeyres indices) present the problem that growth rates change whenever the base year is updated, and this has to be explained to users. As is well-known, substitution effects usually imply that when the base year is carried forward, growth rates for the intervening period fall. Chain indices do not suffer from this drawback.
The observed increase in the substitution bias in recent years together with the inconvenience of having to rewrite economic history each time the base year is updated is the background to BEA's decision to change its featured measures of real output and prices from fixed-weighted to chain-type annual-weighted indexes in connection with the upcoming comprehensive revision of the U.S. national accounts, cf. Landefeld and Parker (1995) .
The United States has been publishing chain-type indices as a supplement to the featured fixed-base measures since 1992. Comparisons between the two sets of data indicate the degree of substitution bias for real GDP:
For 195987, the fixed 1987-base measure of annual growth in real GDP is understated by an average of 0.3 percentage point. Between 1987 and 1992, there is no significant substitution bias. In 1993 and 1994, the fixed-base measure overstates GDP growth by an average of 0.6 percentage point. 0 In the first two quarters of 1995, the fixed-base measure overstates GDP growth by 1.0 and 0.6 percentage point respectively, cf. Survey of Current Business (1995). As noted by Landefeld and Parker, the substitution bias has important consequences for analyses of both business cycles, productivity and investment. The most important factor explaining the observed increase in the substitution bias is the price and quantity developments for computers with the combination of a rapid decline in prices and an explosive growth in quantities. Computers, though, are not the only source of substitution bias. Over the last expansion in the U.S. economy they have accounted for three-fifths of the overstatement.
With a long time series of supply and use tables set forth in Section 2, it is no small task to rebase on a new year. Even though computer programmes run extra years at virtually zero marginal cost, the management of data files and manual plausibility checks involved require considerable resources. One particular time-consuming problem is the case where a product has non-zero values in the supply and use tables of the current year (both at current prices and constant prices of the old base year) but zero values in the new base year, either because the product has disappeared or as a result of changes in nomenclature. For this reason it was decided in Denmark to skip the change to 1985-prices at the detailed level-also considering that the 1985 price structure had already been rendered obsolete by the 1986 decline in oil prices-and retain 1980 as base year until the move to 1990-prices as part of the implementation of the new SNA.
One question of great interest to users is how far backward statistical offices are prepared to carry the new base year. When Denmark switched from 1975 to 1980 as base year in 1984, the supply and use tables were recalculated 15 years backwards to 1966. It has since been decided that 10 years is a more reasonable compromise between the needs of different groups of users. If the base year is changed every 5 years in the future, this convention implies that at any time users will have a time-series of input-output tables at constant prices of a given base year derived from detailed information with a length of between 10 and 15 years. This will be sufficient for most input -output analyses of technological change. Model-builders, however, typically need longer time-series. By deriving conversion factors for each cell from the input-output tables of an overlapping year which is available at constant prices of two different base years, they are able to construct long time-series at a more aggregate level.
Given a time series of supply and use tables at current prices and at constant prices of one or more base years, the question arises of how chain indices are most practically computed. A Laspeyres volume chain index requires a time series of t + 1 / t Laspeyres volume indices to be drawn up, whereas a Fisher chain volume index requires this plus a time series of t + l / t Paasche volume indices.
The first choice to make is whether to compute these t + l/t volume indices to be used in the construction of the chain indices from the quantity relatives (value at constant prices of a cell in year t + l/value at constant prices of a cell in year t ) using the value shares in the supply and use tables at current prices as weights, or from the price relatives [(value of a cell in year t + 1 at current prices/ value of the cell in year t + 1 at constant prices)/(value of the cell in year t at current prices/value of the cell in year t at constant prices)] using these price relatives to deflate or inflate the supply and use matrices of year t to the prices of year t -l and t + 1 respectively. As long as there are no empty cells in the matrices of price or quantity relatives, i.e. cells in the supply and use matrices with values in year t but not in year t+ 1 or vice versa, it does not matter which one of these equivalent approaches is used. In practice, however, in a detailed commodity-flow time series such discontinuities are bound to occur. In such circumstances, the deflation/inflation approach is much easier to handle since there will usually be a sound basis for assigning a price relative to an empty cell in the form of the price development in a similar use of the same product, whereas it may be difficult or impossible to know the quantity development of a particular use of a product. It is of course for exactly this reason that the SNA quite generally recommends deflation over quantity extrapolation. It should be stressed that this empty cell problem in the compilation of chain indices in principle is no different from the discontinuity problems faced when constructing accounts at constant prices of a fixed base year, it is just that it is many times multiplied in size. Whenever a new product appears, or there are new uses of an existing good, base year values have to be assigned to the new cells that have appeared.
A second choice that has to be made is whether to impose additivity on each link in the chain index, or whether to dispense with additivity altogether on the grounds that the chained index will not yield additive data series for more than two years at any rate. If there is a wish to publish the accounts of year t at the prices of year t -1, i.e. a bilateral Laspeyres index, with all accounting identities holding for each pair of years, as is currently done in a number of countries, additivity should be imposed in the same way as is done in the usual deflation procedure relating to a fixed base year, the particular Danish application of which was explained in Sections 3.2 and 3.3. In that case, the calculation of the supply and use matrices of year t at prices of year t -1 should proceed step by step as in the usual deflation to the prices of a fixed base year, starting by deflating the supply and use matrices at basic prices and then subsequently computing and adding on trade and transports margins and taxes on products, net. More specifically, in this approach the output of the trade and transport industries in year t at year t -1 prices have to be derived as the sum of all the relevant trade and transport margins as opposed to being calculated by deflating output of these industries by the t / t -1 output price deflators implied by the time series at constant prices of the fixed base year. By the same token, the total of taxes, net, on products in year t at the prices of year t -1 will have to be derived by summing the product taxes at year t -1 prices over all the cells in the system and not by deflating this component of GDP at a more aggregate level. In case the Fisher formula is used for the chain index, the same remarks apply mutatis nzutandis to the inflation of the matrices of year t to the prices of year t + 1.
It is apparent that such an approach is rather burdensome, not least because it requires all the plausibility checks concerning price developments at the level of purchasers' prices, and the concomitant issue of trade and transport margins at constant prices, to be addressed separately for each pair of years in relation to changing base years instead of only a fixed base year. Moreover, if the Fisher formula is used for the chain index, it is questionable whether users will appreciate having three measures of the volume change between years t and t + 1 : the Laspeyres fixed base index, the Laspeyres chain index and the Fisher chain index.
Even though the above approach requires a very large number of calculations, it is important to stress that all the information needed for its implementation, notably the rates of trade and transport margins and product taxes, is contained in the time-series of supply and use tables at current prices and the prices of a fixed base year.
If, on the other hand, additivity of each link in the chain index is not considered to be important, since this additivity breaks down as soon as the comparison is extended to three or more years, it is natural to go about the construction of the chain indices in a somewhat different way which greatly simplifies the computational work. In fact, this is achieved by approaching supplies and uses separately without an explicit calculation of trade and transport margins plus taxes on products for each cell in the system. In contrast to the method described above, uses of products are here deflated/inflated directly at the level of purchasers' prices as opposed to being built up from a deflation/inflation at basic prices by adding margins plus taxes. In concrete terms this means that each cell in the use matrix at purchasers' prices in year t is deflated (inflated) to the prices of year t -1 ( t + 1) using the t / t -1 ( t + I / t ) price relative for that particular cell at the level of purchasers' prices as derived from the time series of supply and use matrices at current prices and prices of the fixed base year. In this approach, output of the trade and transport industries is deflated directly using the output deflators implied by the time series of supply and use matrices at current and constant prices. The same is true of the total of product taxes, net. Since this approach does not explicitly account for the margins and product taxes entering between basic prices and purchasers' prices for each cell in the use matrix and does not impose additivity at any stage of the calculation, it does not result in fully additive tables for any pair of years. However, the supply and use table are each additive separately for pairs of years.
Reasons Jbr Discontinuities
No matter which of the above two main approaches is used, the problem with empty cells is bound to be a serious one as long as the starting point consists of a commodity-flow system at a detailed level. The reasons why discontinuities occur in a time-series of supply and use matrices are partly real and partly technical. The real ones stem from the introduction of new products, changes in the structure of production and foreign trade. The technical ones first of all have to do with changes in nomenclature regarding products and industries (activities).
More specifically, the real causes of discontinuities are among other things: s e c o n d a r y output (industries producing certain products as secondary output one year but not the next); -imports or exports of a given product one year but not the next; i n t e r m e d i a t e consumption of a given product in an industry in one year but not the next typically revealed by cost-structure surveys, foreign trade by importing enterprise etc. In each case where there is an empty cell, a price relative will not automatically be generated, and a procedure has to be adopted for assigning a price index to each such cell. In practice, this is one of the major complications encountered when deriving chain indices from detailed product information.
The problem with empty cells can of course be reduced by aggregation. This may be either aggregation in the product dimension, the industry dimension or the final use dimension. When considering the aggregation issue, it is important to observe that when the chain indices are derived from volume data in the form of values at constant prices of a fixed base year, aggregation in the product dimension implies that volume changes below the level of aggregation chosen for the computations will reflect the relative prices of the fixed base year, thus reducing the effect of the chaining. In the extreme case of aggregation of all products into one no growth rate will change.
Danish Experience
In the work on deriving a full set of chain indices from the commodity-flow system underlying the Danish national accounts some experience has been gained regarding the continuity problems discussed in Section 6.1. It was decided to start from the full commodity-flow system containing approximately 1,600 products for the years 1966-80 and more than 2,700 for the period 1980-90. This level of detail in calculating alternative volume measures is comparable to that used in the United States, cf. Young (1992) .
Looking at the entire period 196690, the technical causes of discontinuities are dominated by changes in product nomenclature. These, in turn, may be divided into small year-to-year changes and comprehensive ones. In the Danish case, the nomenclature for the period 1966-86 was based on CCCN both for domestic production statistics and foreign trade statistics. The commodity balances (products) in the Danish national accounts were defined in terms of an aggregation of the approximately 10,000 goods in the basic statistics into around 3,000 goods for the years in the late sixties on top of which came the services. Over the years, the number of goods in the national accounts breakdown declined to around 2,000 as a consequence of changes in the international customs tariff which necessitated a merging of commodity balances in the national accounts. As a result of these minor changes in nomenclature, therefore, for the years 1966-87 there are many cases of products existing in year t but not in year t + 1. To cope with this problem the national accounts commodity-flows at constant 1975-prices were recalculated at 1980-prices at the 4-digit level of the CCCN (with certain important exceptions). This aggregation to approximately 1,600 products has greatly reduced the problem for the first part of the period under study.
The comprehensive change of goods nomenclature from CCCN to HS, on the other hand, was bridged over by transition tables between the two systems for the year 1987. In itself, therefore, this change in nomenclature did not give rise to great continuity problems in this respect.
In spite of the aggregation for the first period, the calculations without any aggregation in any of the three dimensions gave rise to an unmanageable number of empty cells. Inspection of this material revealed that the most important source of discontinuity was changes in the product composition of intermediate consumption in manufacturing industries of which there are 82 in the detailed supply and use tables. This reflects an economic reality, since the input structures in manufacturing have a good statistical basis in the form of cost structure surveys etc. In contrast, continuity problems were generally small in regard to final uses (including imports). The part of the calculation giving rise to problems was thus not the expenditure measure of GDP and its components but the output measure requiring the derivation of indices for industry value added by the double deflation method.
In order to reduce the continuity problems to manageable proportions it was therefore necessary to aggregate drastically either in the product dimension or the industry dimension. Given the price of aggregating in the commodity dimension, i.e. that the growth rates below the aggregation level chosen will reflect the relative prices of the fixed base year, which in the Danish case is 1980, it was decided in the first instance to maintain the full product detail and to aggregate instead in the industry dimension. More specifically, it was decided to aggregate manufacturing industry to the one-digit level of ISIC i.e. from the 82 industries previously mentioned to 9 manufacturing industry groupings. The empty cells remaining after this aggregation were then assigned the price relative of a similar use of the same product, or in the case of new products the price relative of the same or a similar use of a similar product. Tables 1-3 and Figures 1-3 present the results of the work done so far on deriving long time-series of volume indices from the Danish national accounts. As mentioned previously, these results are preliminary and will be subject to further investigations and checks. The tables and figures feature average annual As already mentioned, with the method applied in deriving the chain indices the deflated/inflated supply and use tables used for calculating each link of two years are each additive separately but not taken together. That is why a separate measure is shown for GDP(0) and GDP(E) in Tables 2 and 3 . The series labelled GDP(average) is compiled from the deflated/inflated supply and use tables with GDP set equal to the arithmetic average of GDP(0) and GDP(E). GDP from the output side is calculated as the sum of industry value added at basic prices less imputed output of bank services plus taxes less subsidies on products. GDP from the expenditure side is calculated as the sum of final demand components at purchasers' prices one of which is net exports. The real GDP growth rates for the chain indices shown in Figure 1 are those of the expenditure measure of GDP, which in the 1993 SNA is the recommended measure of real GDP 1966-73; 1973-80; 1980 90 The average numerical value of the deviation over all the deflated/inflated supply and use tables (25 years) between GDP(0) and GDP(E) is 0.2 percent. The standard deviation of the percentage deviation is 0.28 percent, and the maximum and minimum are 0.7 percent and 0 percent respectively.
Looking at the growth rates for GDP(0) and GDP(E) in Tables 2 and 3 , it is seen that these two sets of figures appear to be sufficiently close as to not call into question the compilation of chain indices for expenditure components of GDP and industry value added within the same framework.
Turning to the GDP growth rates in Figure 1 , it is seen that for the selected time periods shown the deviations between the three measures have the sign one would expect from the fact that the fixed base year is 1980 and the substitution effects normally at work in the medium and long run. It is perhaps remarkable that the fixed base measure performs relatively well when compared with the theoretically preferable Fisher chain index, although the latter shows a significantly lower annual rate of change for the last sub-period 1980-90. When interpreting this result it has to be kept in mind, though, that the fixed base year (1980) in this case happens to lie roughly in the middle of the 25-year period under consideration. If the price structure used for the fixed base calculation were instead 1990-prices, it is likely that the picture would be less favourable as regards the ability of the fixed base index to track the true development of real GDP during the earlier sub-periods.
If one goes on to consider the components of GDP as well as industry value added, the divergences between the two chain indices on the one hand and the fixed base measure on the other are more pronounced for certain components, notably consumer durables, gross fixed capital formation and value added in the industries mining and quarrying (North Sea oil and gas), electricity, gas and water and business services.
Looking finally at the ability of the Laspeyres chain index to approximate the Fisher chain index, it turns out that on the whole the approximation is rather good. As one would expect, it is clear from Tables 1-3 that the effect of chaining is more important than the choice of index number formula for the chain index. Significant deviations between the two sets of chain indices are, however, observed for gross fixed capital formation in machinery and transport equipment.
The results of the analysis carried out on the Danish national accounts database may be summarised as follows: Firstly, it appears to be feasible to derive both types of recommended volume measures in the 1993 SNA, i.e. chain indices and traditional fixed base constant price data, within the same basic framework consisting of the supply and use tables. In particular, it appears to be possible to avoid prior aggregation in the product dimension for the calculation of the chain indices. The compilation of chain indices for industry value added does, however, necessitate a certain aggregation in the industry dimension in order to avoid serious continuity problems. Secondly, the deviations in each link in the chain indices between GDP derived from the output side and from the expenditure side are typically small enough to allow chain indices for GDP and its components to be presented alongside chain indices for industry value added.
Thirdly, for total GDP it would seem that traditional constant price data are reasonably representative of the volume change over a time-span of around 10 years on either side of the fixed base year. The ability of traditional constant price data to track the true volume change is less satisfactory as regards certain components of GDP notably consumer durables and gross fixed capital formation in machinery and transport equipment. The same is true of value added in certain industries.
Fourthly, on the whole a Laspeyres chain index provides a rather good approximation to the theoretically preferable Fisher chain index. Significant deviations are nonetheless observed in the case of gross fixed capital formation in machinery and transport equipment.
